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ABSTRACT 

Developing t h e  Space S h u t t l e  b o o s t e r  be fo re  t h e  
o rb i t e r  could r e q u i r e  a considerably l a r g e r  b o o s t e r  t han  
would be necessary i f  t h e  orb i te r  w e r e  developed f i r s t .  
To  guarantee  a f i x e d  payload, t h e  boos te r  would have t o  
be developed about 25% l a r g e r  i n  g ross  weight  and engine 
s i z e  t o  provide a 1 0 %  i n e r t  weight contingency f a c t o r  i n  
both t h e  boos te r  i t s e l f  and i n  t h e  delayed orb i te r .  This  
would compare wi th  a booster ove r s i ze  of about  6% t o  com- 
pensa t e  f o r  j u s t  t h e  b o o s t e r  i n e r t  weight growth i f  t h e  
o r b i t e r  w e r e  p rev ious ly  developed t o  i t s  nominal weight.  
For a p o t e n t i a l  2 0 %  i n e r t  w e i g h t  growth, t h e  boos t e r  over- 
s i z e  would be about 50% and 1 2 %  f o r  t h e  boos te r  f i r s t  and 
o rb i t e r  f i r s t  developments r e spec t ive ly .  

A l a r g e r  boos t e r  than necessary would i n c r e a s e  
t h e  c o s t  of developing and opera t ing  t h e  even tua l  f u l l y  
r eusab le  Space S h u t t l e ,  and could l i m i t  t h e  Space S h u t t l e  
o p e r a t i o n a l  u t i l i t y .  
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INTRODUCTION 

I t  may be necessary t o  de lay  t h e  development of 
t h e  f u l l y  r eusab le  t w o  s t a g e  space s h u t t l e .  A l o w  l e v e l  
of a v a i l a b l e  space v e h i c l e  development funding as w e l l  as 
t h e  u n c e r t a i n t i e s  involved i n  r eusab le  launch v e h i c l e  
technology and system des ign  could n e c e s s i t a t e  developing 
e i t h e r  t h e  o r b i t e r  or boos te r  f i r s t  i n s t e a d  of t h e  simul- 
taneous development p r e s e n t l y  under s tudy  by t h e  NASA and 
t h e  NASA c o n t r a c t o r s .  1 

I f  t he  r eusab le  o r b i t e r  were developed f i r s t ,  
an S I C  o r  a new l o w  cost expendable boos t e r  could be used 
t o  launch t h e  r eusab le  orbiter u n t i l  t h e  r eusab le  boos t e r  
w a s  developed. * A l t e r n a t i v e l y ,  t h e  r eusab le  boos t e r  could 
be developed f i r s t  and used t o  launch an expendable second 
s t a g e  (SIvB, S I I ,  o r  a new s t age )  p l u s  payload u n t i l  the  
r e u s a b l e  o rb i t e r  i s  a v a i l a b l e .  3 , 4  

The advantages of developing e i t h e r  t h e  o rb i t e r  
or booster f irst  w i l l  involve  t h e  cons ide ra t ion  of a number 
of factors. The re la t ive  o p e r a t i o n a l  u t i l i t y  of t h e  i n t e r i m  
system, t h e  impact of i n t e r i m  requirements  on t h e  f i n a l  
system des ign  and u t i l i t y ,  and t h e  re la t ive costs w i l l  de- 
termine t h e  b e s t  approach. 
are s i g n i f i c a n t  factors i n  determining a i r f r ame  and engine 
development c o s t s ,  ope ra t iona l  costs and o p e r a t i o n a l  
u t i l i t y ,  t h e  r e l a t i v e  i n e r t  weight s e n s i t i v i t y  involved 
i n  developing e i t h e r  t h e  boos te r  o r  t h e  o r b i t e r  f i r s t  
i s  an  impor tan t  cons ide ra t ion .  

Since system s i z e  and we igh t  

T h e  purpose of t h i s  memorandum i s  t o  p o i n t  o u t  
t h e  r e l a t i v e  weight s e n s i t i v i t i e s  involved i n  t h e  t w o  
approaches w i t h  emphasis on t h e  r equ i r ed  boos te r  ove r s i ze*  

*Booster oversize i s  de f ined  here as the  booster 
s i z e  (weight and engine s i z e )  i n  excess  of t h e  best  es t i -  
mated s i z e  wi thout  i n e r t  weight cont ingencies .  
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necessary  t o  guarantee 25 ,000  pounds of payload wi th  t h e  
even tua l  f u l l y  r eusab le  system. I t  w i l l  be shown t h a t  
f o r  t h e  same contingency factors on i n e r t  weight,  t h e  
b o o s t e r  may have t o  be oversized s u b s t a n t i a l l y  more i n  
t h e  case of t h e  boos te r  f i r s t  compared t o  t h e  o r b i t e r  
f i r s t  development. 

ESTIMATED SPACE SHUTTLE DESIGN CURVES 

The d a t a  p o i n t s  without s u b s c r i p t s  on F igures  1 
and 2 were der ived  from t h e  r ecen t  I n t e g r a l  Launch and 
Reentry Vehicle  ( I L R V )  s t u d i e s .  5 r  
p o i n t s  w e r e  der ived  from c o n t r a c t o r  proposa ls  f o r  t h e  
space  s h u t t l e  phase B submi t ted  i n  response 
t o  t h e  NASA r e q u e s t  f o r  proposal.  

The subsc r ip t ed  data 

1 

These d a t a  show a rough c o r r e l a t i o n  between t h e  
p r o p e l l a n t  s t a g e  f r a c t i o n s  and gross s t a g e  weights f o r  t h e  
r eusab le  o r b i t e r  and boos ter .  The square  symbols i n  F igures  
1 and 2 correspond t o  a r e p r e s e n t a t i v e  r e fe rence  des ign  
p o i n t  wi th  a g ross  l i f t  o f f  weight of 3.5 m i l l i o n  pounds 
and payload of 2 5 , 0 0 0  pounds. The dashed curves  a r e  
e x t r a p o l a t e d  f r o m  t h e  r e fe rence  p o i n t  and are used t o  
estimate t h e  changes i n  p rope l l an t  s t a g e  f r a c t i o n  wi th  
s t a g e  weight t h a t  might be expected from t h e  t r e n d  of 
t h e  I L R V  d a t a .  I n  t h e  case  of t h e  o r b i t e r ,  a spread i s  
used t o  account f o r  t h e  l a r g e  d i f f e r e n c e s  i n  t h e  a v a i l a b l e  
data.  

EFFECTS O F  SPACE SHUTTLE INERT WEIGHT GROWTH 

The boos te r  s i z e  necessary t o  compensate f o r  in -  
creases i n  t h e  o r b i t e r  i n e r t  weight i s  presented  i n  F igure  
3 .  It  i s  assumed here t h a t  t h e  i n e r t  weight of t h e  o r b i t e r  
i nc reased  dur ing  development but t h e  o r b i t e r  p r o p e l l a n t  w a s  
f i x e d  ( i . e . ,  f i x e d  design)  so t h a t  t h e  boos te r  must be in-  
c r eased  i n  s i z e  t o  hold t h e  payload cons t an t .  The estimated 
b o o s t e r  des ign  curve w a s  der ived from t h e  A ’  v s  boos te r  g r o s s  
weight c o r r e l a t i o n  on Figure 1. The l i m i t  l i n e s  are inc luded  
on F igu re  3 t o  i l l u s t r a t e  t h e  maximum and minimum p o s s i b l e  
b o o s t e r  weight v a r i a t i o n .  The minimum l i m i t  l i n e  ( t o p  l i n e )  
i s  based on t h e  assumption t h a t  it i s  n o t  p o s s i b l e  t o  i n c r e a s e  
t h e  b o o s t e r  s i z e  w i t h  a f i x e d  i n e r t  weight.  The maximum 
l i m i t  l i n e  (bottom l i n e )  assumes t h a t  t h e  s t a g e  f r a c t i o n  
( A ’ )  w i l l  n o t  decrease  wi th  increased  s i z e .  
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I f  t h e  o r b i t e r  were developed f i r s t  it is reasonable  
t o  conclude t h a t  t h e  boos te r  could be s i z e d  t o  make up f o r  
changes i n  t h e  o r b i t e r  i n e r t  weight.  The b o o s t e r  might have 
t o  be cons iderably  l a r g e r  t han  t h e  nominal i f  t h e  o r b i t e r  
i n e r t  weight grew dur ing  development, b u t  t h i s  would be 
determined a f t e r  t h e  o r b i t e r  was b u i l t  and would n o t  have 
t o  be included as a contingency i n  t h e  b o o s t e r  des ign .  

On t h e  o t h e r  hand, if t h e  b o o s t e r  w e r e  developed 
f i r s t  w i th  f i x e d  p r o p e l l a n t  capac i ty ,  it might n o t  be p o s s i b l e  
t o  s i z e  t h e  o r b i t e r  s u f f i c i e n t l y  l a r g e  t o  compensate f o r  
b o o s t e r  i n e r t  weight growth unless  t h e  b o o s t e r  was i n i t i a l l y  
ove r s i zed .  This i s  i l l u s t r a t e d  on Figure  4 .  The s o l i d  l i n e s  
r e p r e s e n t  t h e  nominal boos t e r  performance curves wi th  i n e r t  
weights  varying from zero t o  30% h ighe r  than  nominal. I f  t h e  
o r b i t e r  des ign  band from Figure  2 i s  superimposed on the 
boos te r  performance curves ,  only t h e  h igh  A ’  s i d e  of t h e  band 
f a l l s  below t h e  nominal boos t e r  curve.  I n  o r d e r  t o  compensate 
f o r  boos t e r  i n e r t  weight (i.e.,  the o r b i t e r  curve  must 
intersect t h e  b o o s t e r  curve  corresponding t o  the a p p r o p r i a t e  
i n e r t  weight growth) ,  i t  would be necessary  f o r  t h e  pro- 
p e l l a n t  s t a g e  f r a c t i o n  of t h e  reusable  o r b i t e r  t o  i n c r e a s e  
more r a p i d l y  wi th  i n c r e a s i n g  s t a g e  weight t han  i s  i n d i c a t e d  
i n  F igu re  2 .  It seems, a t  b e s t ,  t h a t  an unreasonably l a r g e  
o r b i t e r  would be  necessary  t o  compensate f o r  on ly  s m a l l  
b o o s t e r  i n e r t  weight  growth. 

REUSABLE BOOSTER CONTINGENCY O V E R S I Z I N G  

I n  either c a s e ,  t h e  r eusab le  b o o s t e r  would have t o  
be ove r s i zed  t o  provide  contingency f o r  i n e r t  weight growth. 
The amount of b o o s t e r  o v e r s i z e  necessary t o  compensate f o r  
p o t e n t i a l  o r b i t e r  and boos te r  i n e r t  weight growth i s  summarized 
i n  F igu re  5.  T h e  upper two curves r e p r e s e n t  t h e  contingency 
f o r  bo th  o r b i t e r  and boos te r  i n e r t  weight growth which must 
be b u i l t  i n t o  t h e  boos te r  i f  t h e  boos t e r  i s  developed f i r s t .  
The l o w e s t  curve r e p r e s e n t s  t h e  contingency which must be b u i l t  
i n t o  the boos te r  t o  account f o r  only t h e  b o o s t e r  growth assuming 
t h e  o r b i t e r  i s  a l r eady  b u i l t  t o  i t s  nominal weight .  For t h e s e  
two cases t h e  r e s u l t i n g  boos ter  o v e r s i z e  contingency would be 
about  2 5 %  and 6 %  r e s p e c t i v e l y  t o  compensate f o r  a p o t e n t i a l  1 0 %  
i n e r t  weight growth o r  about 5 0 %  and 1 2 %  t o  compensate f o r  a 
2 0 %  i n e r t  weight growth. 
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Developing t h e  o r b i t e r  f i r s t  appears  t o  o f f e r  t h e  
most p o t e n t i a l  f o r  minimizing the  Space S h u t t l e  weight .  
Fu r the r  s tudy  would be r e q u i r e d ,  however, t o  a s s e s s  t h e  
e x t e n t  of t h e  i n t e r i m  expendable boos t e r  des ign  r equ i r e -  
ments on t h e  r eusab le  o r b i t e r  weight. ~. 

1 0  1 3  - DEC- k l m  

Attachments 
F igures  1-5 

1 D. E .  Cassidy 
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